INTRODUCTION
============

In 1886, acute appendicitis was revealed to be the first causative of right low quadrant (RLQ) pain by Reginald Fitz, and surgical treatments at the time of diagnosis became the common treatment mode \[[@B1]\]. A laparoscopic appendectomy was performed for the first time in 1983 by Semm \[[@B2]\]. It came to be known by patients and guardians gradually, but now it has become the basic surgery for acute appendicitis.

The safety of a laparoscopic appendectomy is already widely accepted, and it is a surgical method known to have the advantages of fast recovery, reduction of postsurgical pain and the risk of infection, and enhanced esthetic effects \[[@B3], [@B4]\]. For surgical residents, performing a laparoscopic appendectomy has become the basis for acquiring the basic principles of more complex laparoscopic surgery.

In the past several years, a large number of acute appendicitis patients admitted to hospitals have chosen a laparoscopic appendectomy; thus, the frequency of appendectomies performed by surgical residents is on the rise. Due to the increased number of laparoscopic appendectomies performed by surgical residents, issues concerning the safety of surgery have increased, and although the safety of surgery performed by residents in the Department of Surgery, after a certain learning curve, has already been demonstrated in several previous studies, studies on the learning curve are not abundant \[[@B5]\]. By comparing the surgical outcomes and complications of an open appendectomy with those of a laparoscopic appendectomy, we suggest a standard for the learning curve of a laparoscopic appendectomy.

METHODS
=======

Subjects
--------

The subjects were 111 patients who underwent surgery in the Department of Surgery, Kangwon National University Hospital, from March 2008 to December 2008. As the research method, medical records, pathological results, and tests performed at the time of admission were examined retrospectively.

At the time of admission, surgical methods were determined by considering the underlying diseases and general conditions of the patients, and in cases in which perforated appendicitis had been diagnosed on pre-surgical examination, an open appendectomy was performed. Regardless of the method of surgery, surgeries were performed by a single resident under the supervision of a surgeon. The resident who performed the surgery was a second year resident who had performed more than 30 open appendectomies prior to performing a laparoscopic appendectomy, and he was the attending physician of the patients who underwent open, as well as laparoscopic, appendectomies from March 2008 to December 2008.

Among the 111 patients, the medical records of 2 patients were not sufficient; thus, they were excluded. In the patient group who received an open appendectomy, 6 patients who received spinal and epidural anesthesia were excluded. The mean age of the remaining 103 patients was 34.6 years (range, 5 to 87 years), the number of males was 58 (56.3%), and the number of females was 45 (43.7%). Among the 103 patients, a laparoscopic appendectomy was performed on 50 patients, and an open appendectomy was performed on 53 patients. The patient group receiving an open appendectomy was called group A, and the patient group receiving a laparoscopic appendectomy was called group B. By obtaining the consecutive moving average, 30 patients who underwent a laparoscopic appendectomy in the early period (before the learning curve) were identified as group C, and 20 patients who underwent a laparoscopic appendectomy later (after the learning curve) were identified as group D.

Surgical methods
----------------

In the open appendectomies, the transverse incision performed by Davis-Rokey was applied, and blood vessels and adjacent tissues were sutured with black silk 3-0. In the appendectomy, ligation was performed using black silk 2-0 \[[@B6], [@B7]\]. In the laparoscopic appendectomies, three trocars (10 mm, 5 mm, and 5 mm) were used. A 10-mm trocar was inserted into the area below the navel, a 5-mm trocar was inserted into the left lower abdomen, and another 5-mm trocar was inserted into the suprapubic area.

The laparoscope was inserted by using an open method, and for the ligation of blood vessels, the vessel sealing system (Ligasure, Covidien, Boulder, CO, USA) was used. For the resection of the appendix, the base was ligated using the Vicryl endoloop, and for the distal area, the leakage was blocked using clips. Afterwards, the resected appendix was inserted into a specimen retrieval bag and removed from the abdominal cavity through the insertion site of the 10-mm trocar \[[@B1], [@B6]\].

According to pathological results, acute appendicitis was classified as acute early focal appendicitis, acute suppurative appendicitis, acute gangrenous appendicitis, and perforated appendicitis. The pathological grades were determined by the progression level of inflammation. Early acute appendicitis is 1 point, acute suppurative appendicitis is 2 points, acute necrotic appendicitis is 3 points, and perforated appendicitis is 4 points.

Statistics
----------

Through a consecutive comparison of operation times, the trend in the changes was analyzed, the moving average was used to predict a learning curve, and the two groups, one prior to and one after the predicted learning curve, were analyzed by using the ANOVA (SPSS ver. 18.0, SPSS Inc., Chicago, IL, USA) program. Cases with P-values \< 0.05 were determined to be statistically significant.

RESULTS
=======

Comparison of the results of the group who received an open appendectomy (A) with the group who received a laparoscopic appendectomy (B)
----------------------------------------------------------------------------------------------------------------------------------------

The mean ages of the group A and the group B were 40.39 ± 22.16 years and 27.76 ± 15.76 years, respectively, and a statistically significant difference was shown (P-value, 0.001). No difference in the gender ratios of group A and group B was detected (P-value, 0.74). The average operation time of group A was 64.41 ± 29.88 minutes and that of group B was 58.20 ± 20.72 minutes, but this difference was not significant (P-value, 0.225).

The classification of acute appendicitis was converted to a score based on the pathological diagnosis, the score of group A was 2.26 points, that of group B was 1.96 points, a significant difference (P-value, 0.034) ([Table 1](#T1){ref-type="table"}). The incidences of early focal appendicitis, acute suppurative appendicitis, and acute gangrenous appendicitis of the two groups were not different, but the incidence of perforated appendicitis of the two groups did show a difference (P-value, 0.018).

The average hospitalization period of group A was 5.26 ± 2.09 days, and that of group B was 3.7 ± 1.51 days, which was significantly shorter for group A (P-value \< 0.001). Postsurgical complications in group A occurred in 6 cases (11%), and those in group B occurred in 3 cases (6%), but this difference was not significant (P-value, 0.34) ([Table 2](#T2){ref-type="table"}).

In regard to the complications that developed in the group A after surgery, heart failure occurred in 1 case, a myocardial infarction in 1 case, acute renal failure in 1 case, surgical wound infection in 2 cases, and death after surgery in 1 case. In the group B, surgical wound infection occurred in 3 cases, and all wound infections developed in the area through which the 10-mm trocar had been inserted.

Results of group B who received a laparoscopic appendectomy compared to the result of the moving average
--------------------------------------------------------------------------------------------------------

Group B, who received a laparoscopic appendectomy, was divided into 5 groups, 10 patients each, according to the order of the time at which the surgery was performed, assigned as groups 1, 2, 3, 4, and 5, and the moving average was obtained ([Fig. 1](#F1){ref-type="fig"}). At the time of the transition from group 2 to group 3, a shortening of the operation time was shown. Between group 2 and group, 3 no significant difference in the average operation times was shown. A significant difference in the average operation times between group 3 and group 4 (P-value, 0.026), as well as between group 3 and group 5 (P-value \< 0.006) was shown; thus, one could hypothesize that the learning curve is 30 cases.

Comparison of the result of the early group (C) and the late group (D) who received a laparoscopic appendectomy
---------------------------------------------------------------------------------------------------------------

Assuming that the learning curve is 30 cases based on the moving average, the group prior to the learning curve was defined as C group and that after the learning curve was defined as group D, and the differences between the two groups were analyzed by using the ANOVA program. Between group C and group D, the age (P-value, 0.77) and the gender (P-value, 0.053) were not statistically different. The average operation time of C group was 66.83 ± 21.55 minutes, and that of D group was 45.25 ± 10.19 minutes, which is a statistically significantly difference (P-value \< 0.0001). In group C, complications developed in 3 cases, and in the group D, complications were not shown (P-value, 0.151). In addition, significant differences were not shown in the hospitalization period and histological examination; thus, 30 cases could, indeed, be defined as the learning curve ([Table 3](#T3){ref-type="table"}, [Fig. 2](#F2){ref-type="fig"})

DISCUSSION
==========

Acute appendicitis is a representative disease of acute abdomen and requires early diagnosis and surgical treatment. The incidence of acute appendicitis is approximately 7%, and in comparison with other diseases, its incidence is high, so it is a disease that is frequently observed \[[@B6]\].

For surgical residents, acute appendicitis is a disease encountered frequently during the course of becoming surgeons. Through acute appendicitis patients, the resident is exposed to a series of decisions from diagnosis and treatment to surgery.

Appendectomy facilitates the acquisition of basic surgical techniques; furthermore, it provides basic techniques pertinent to other important operations. However, due to the expansion of the concepts of micro-invasive surgery, improvement of quality of life, etc., the trend is to favor a laparoscopic appendectomy over an open appendectomy. Therefore, the laparoscopic appendectomy is becoming a basic surgical technique that surgical residents should acquire \[[@B8]\].

When surgical residents perform a laparoscopic appendectomy, the question asked is \'whether the surgery performed by surgical residents is safe and shows good results?\' To answer the question, the learning curve was defined, and laparoscopic appendectomies performed by residents beyond the learning curve have been reported to be safe \[[@B9]\]. Twenty cases were suggested as the learning curve by the European Association for Endoscopic Surgeons. In a study reported by Lin \[[@B2]\], as residents acquire more experiences, the operation time and the rate of the conversion to a laparotomy were shown to be reduced.

For a learning curve of 20 cases, as suggested by the European Association for Endoscopic Surgeons, the average operation times of group 1 and group 2 and of group 3 and group 4 were compared, 69.75 ± 24.03 minutes and 53.50 ± 15.48 minutes, respectively, and were found to be significantly different (P-value, 0.015). However, the average operation times of group 3 and group 4 were greatly different, and the cumulative average of the two groups decreased; thus, the analysis results could be changed.

In our study, on the assumption that the operation time prior to the learning curve should always show a significant difference from the operation time after the learning curve, laparoscopic appendectomy cases performed by a single surgical residents were divided to 5 subgroups, 10 cases each, and the consecutive moving averages of the operation times were compared \[[@B5]\]. The operation times between groups 3 and 4 (P-value, 0.026) and between groups 3 and 5 (P-value \< 0.006) showed continuous significant differences. When the cumulative operation time of groups 1, 2, and 3 was compared with the cumulative operation time of groups 4 and 5, 66.83 ± 21.55 minutes and 45.25 ± 10.19 minutes, respectively, a statistically significant difference was shown (P-value \< 0.0001). Based on this, the learning curve was defined as 30 cases, the groups prior to and after the learning curve were defined, and the results for those groups were examined.

Complications occurred in a total of 3 cases. In comparison with the complications shown in the study reported by Pasquini \[[@B8]\], Rezola \[[@B9]\], no great difference was detected (5.2% vs. 5.5%). Nonetheless, different from the results of other studies, complications did not develop in the surgeries performed after the learning curve, and none of the surgeries was converted to a laparotomy. Based on the absences of complications and of conversions to a laparotomy, the learning curve is suggested to be 30 cases.

A characteristic of our study was that in pathohistological tests, the incidence of perforated appendicitis between the groups was different, and in open appendectomies, the incidence of perforated appendicitis was shown to be significantly higher than it was in laparoscopic appendectomies. In group A, the operation time of the patients diagnosed as having a perforated appendicitis was 96.50 ± 42.955 minutes, and the operation time of the other patients was 58.71 ± 23.27 minutes, a significant difference (P-value, 0.001). However, in group B, only 1 patient was diagnosed as having a perforated appendicitis (2%), so the effect on the operation time could not be assessed.

When the complications, operation times, and pathohistological diagnoses of the group on whom an open appendectomy (group A) had been performed and the group on whom a laparoscopic appendectomy (group B) had been performed were compared, the operation times, pathohistological diagnoses of appendicitis, and complications did not show differences; thus, a laparoscopic appendectomy performed by surgical residents was found to be safe. Based on the observation that in comparisons with the group receiving a laparoscopic appendectomy in an early period (group C), the operation time of the group who received laparoscopic surgery in a later period (group D) was significantly shortened, and complications and conversion to laparotomy were absent, the learning curve of a laparoscopic appendectomy could be defined as 30 cases.

Because this study is the result of an analysis of surgeries performed by a single resident, it has limitations in suggesting a learning curve for all surgical residents. Therefore, if a consistent the learning curve is to be found, future studies that accurately define the learning curve by analyzing surgeries performed by several residents are required, and the bias of the early surgical methods and the selection of the patient groups are must be corrected.
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![Operating times for the moving average method for consecutive groups of ten patients (mean ± SEM): group 1, 67.50 ± 11.84; group 2, 72.00 ± 32.68; group 3, 61.00 ± 14.87; group 4, 46.00 ± 12.65; group 5, 44.50 ± 7.62. ^a^P-value \< 0.05.](jksc-26-324-g001){#F1}

![Outcomes for the variables, as determined by using ANOVA method: (A) mean operative duration (P-value \< 0.0001), (B) complication rate (%) (P-value, 0.151), and (C) length of stay (P-value, 0.572).](jksc-26-324-g002){#F2}
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Values are presented as number (%) unless otherwise indicated.
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Outcome variables of group A and group B
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Outcome variables of the initial laparoscopic appendectomy (group C) and the subsequent laparoscopic appendectomy (group D) groups
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^a^Values are presented as number (%).
